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MEG II experiment

Liquid xenon photon detector ° SearCh for CLFV (,u — e y) Wlth
(LXe) o 0,0 G
| aimed sensitivity: 6 x 1014

COBRA

. A :..‘.:“':~‘.\A
superconducting magne A"v STTOIIIN /

0000000

US-pTC ,
0 * An order of magnitude better from

the MEG result (2016) :
B(u—ey) <42x10713

Pixelated timing counter

(pTC)
Muon stopping target
Cylindrical drift chamber ° 1 1 1
Radiative decay counter (CDCH) The ph.YSICS data taklng OngOlng
(RDG 2021 pilot run + 2022 -> 2023...

"The design of the MEG II experiment"
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https://link.springer.com/article/10.1140/epjc/s10052-018-5845-6

Introduction

Pixelated / positron Timing Counter (pTC)
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Concept

* Improve e* time resolution
by multiple-pixel-hit scheme.

* Upstream 256 + Downstream
256 = 512 pixels

* Mean ~ 9 hits (MC, signal ")
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SA)A\M N e e laser calibration

|

* Upstream 256 + Downstream 256 = 512 pixels
*12cm X S cm (4 ecm) 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?, 50 x 50 pm?, Vi,eagown ~ 24 V). | 4




pTC: Time Resolution

(N ) \/Jizntrinsic + O-iznter—pixel + r
optc (Vi) = const. . . .
P 1 Nhit * The estimated time resolution at
o’ Event time resolution 9 hlts IS 37 ps‘
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pTC time resolution in Even-Odd analysis
for Trigger-Timing positrons (November 2022) 5




Positron Reconstruction Scheme

pTC

7
pTC self track

/ Waveform analysis\

v

Hit reconstruction

Intra-pixel (ch-ch) timing

& charge (energy) calibration.

Inter-pixel timing calibration.

\ 4

Initial

time

Clusterlng

EN

Positron

e

reconstruction

» Positron track from CDCH

N

/

Positron spectrometer

Waveform time is obtained by
constant fraction method



p1TC Overview in 2022

* NO Dead Channels during the beamtime.

4 channels were found to be dead at the commissioning period.
(Despite alive during the maintenance '21 ->’'22)

% s o | e T

« Radiation Damage on SiPM is accumulated. e

It is reflected on increment of Dark Currents in SiPM. 3

o (T — S — £

. . - x - 2022

* Cooling & Drying were successfully done. B | N ‘

* Bias voltages were scanned & optimized. e :
 Calibration flow was integrated. O e i i bsiizal 10

0 100 200 300 400 500

Dark current with accumulated beam
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pTC in 2022
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(event by event)
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global parameter
(common to all events)

* Inter-pixel (pixel - pixel) Timing

» Based on e¢" track from Michel decay; Laser |

measurements eliminates geometry dependence. |-
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Time calibration method
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local parameter
(event by event)

T

global parameter
(common to all events)

* Inter-pixel (pixel - pixel) Timing

initial value
Laser method — Track-based method

old |
[teration

Laser method Track-based method

Results:
» US-DS separated
» Bias on Z & phi

CF corrected result

correction

measurements eliminates geometry dependence.

» Based on e* track from Michel decay; Laser

[teration 9



pTCin 2022 10,
ol
10
pTC Laser System
\ 4 -30
-40
-50
Setup gt
Optical attenuator Optical fibre . : .
haesaﬂ w2 %2 z—. ! o = -1 =0 o 0 100
Mode scramblee Photodiode 1x9 Upstream Downstream
Laser Optical switch
controller
) » 8 switch channels x (8 x 8) splitters
= g
o 2
é ?9 Optical splitter .
W e * Can measure the time centers of pTC
l I pixels with a common SYNC signal.

Optical fibre
(2.5m)

DAQ electronics
Counter signal

* NO position dependence, NO beam,

64 pixels at the same time. 1




pTCin 2022

Pixel Time Center by Laser

Time center measured by TC-laser .
* DS, US pixel
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pTC Event-Time analysis

1
® tive = _Z(t{eco — t(I)‘ECO — TOFi,O)

Nhit

O; = U(tave — tlreco)

(single pixel / channel)

® teven = ™ /ZZ(treCO o — TOF;0)
Lodd = ™ /22(6&32 —to " — TOFzi41,0)

0 (Npit) = 0(teven — todd) | (even-odd)
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pTC in 2022

Resolution Evaluation in

11
oHEM =) Rate(Ny) X Grc(Ny)
Nhi'r

_ Single Pix./Ch 1-hit (EvenOdd) Overall (Even-0dd)

Oct. (3e7)
Nov. (4e7)
Nov. (5e7)

102 ps /132 ps
102 ps /132 ps
102 ps / 133 ps
102 ps / 133 ps

Single counter resolutions

PRSI NSRS (SN PR B S Y N
100 200 300 400 _ 500
Sep. (Single Pixel)  pixelid

Event time resolution [s)

112 ps 43.5 ps
113 ps 43.8 ps
114 ps 44.2 ps
114 ps 44.5 ps

Event time resolution
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Conclusion

* MEG II pixelated TC performed the event time resolution 1n 2022
Npir = 9 : 37 ps
Overall Estimation : 44 ps

e Increment of the S1IPM dark currents which reflects the radiation

damage was found to be seriously accumulated.
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Conclusion / Prospect

Kuture prospect

* Refurbishment of pTC 1s decided to be perform

» with 100 new pixels.
» Assembly & Test ongoing.

» Planned to be replaced after ‘23 run.

* Improvement and refinement on analysis algorithms.

» weight on resolution of each pixel / channel by N, 0n

15



Back up
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52.8 MeV
180°__

MuEGamma Decay aswo( @

* One of charged lepton flavor violating (cLFV) decays, which 1s
forbidden 1n the Standard Model.

* Many of the new physics beyond the Standard Model (BSM) predict
that the branching ratio is O (10-13) — O(10-'* ) where an undiscovered

particle in O(10) TeV mediates the process.

* Upper limit on the branching ratio was obtained by the MEG
experiment: B(u — e y) < 4.2 x 10713 (90% C.L.)

b




SPXPositionCalibration

Reconstructed hit distribution in a 12cm-long counter

M b s s v v s s nnnnnnnn ! .......................... I ------ .x ...... h ....... .-1:
MC PIOPC Mo 16003 H
\q’ ....................................................... =
(counter: 120 : Mean astd :
] . - Pessscss e deiebus s Sid Dev 3.704 H
-
o MR e S S, -t TR LAY R o I A R A -
length B
D= crccscsssnsssnnesssss L-g At ol gt At oAl 0 0 000 0P PPN PSR RRPOSS .—-:
3
. TR e >+ h oL AT e e =
= -
» 10 )
center (cm)
G.reen ":l:(]ll itbhuti
Black: mmm auruud Citi
Blue: orig unht apezoid Position
Red: convoluted with Gaussian resolution

1. Moving average for the mean of the histogram = 5 cm
2. Linear fit to the MAv histogram. (a * (x — ) + b)

5 parameters (initial value)

p0: center (u)

pl: length (FWHM)

p2: height (linear const. b)
p3: slope (linear const. a)
p4: sigma (o)

3. Least square for the convolution of the linear function & a gaussian

13




SPXEnergyCalibration

explici
Emean
<—
CEner scale —
&y * Geometrical mean gives a better energy
MPV oMPV deposit reconstruction than an arithmetic
ch1 “ch2 p _
mean, found in the past study.
Reconstructed edep dstribution (before cal) of phxel20 1
24002— i hidep 201 T 77
oo | [ =i« The most probable energy loss (MPV; the peak of landau-gauss
l::::‘ | |- el dist.) for each counter is adjusted to the Epyco.
1600 [ 1 | c/ea o Enic?" = 0.085 MeV is used now, as the MC mean of all the pix.
l4"0'__ Width GAX2C05 = I M8 <
lZ(N’E— \\lr’l'“ 0onsn27 —lt.il,lllblrli::'l": ;:'
"NN)_:_'— GSigma 8977¢-05 =5 816 _E
sok 1 ) 1« Difference in incident angle (mostly depending each location) is
600- | = 5
moi—’ 3 1gn0red.
20057 L =
0- Tl 19
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SPXTimeCalibration / Michel calibration; MiCa

: ; T;— (Tip“+ TOF; + AT)) 1. config/offline _second MiCa.xml -> loose clustering data
;(_ - };c‘“'l)(‘\; NI( ! )- . . .
: ! o - only SPXMichelCalibration task
. , ;& - Track selection, make ‘Mille’ file (.bin)
e O TOR o
I ,,,,, N I f” = le‘,’m- +TO ,;” 1t AT/ - SPXmethod, GL Parameter, ... are SPs.
\ | : local paTrameter global plrameter
O & e g eventbyevents  (commontoallevents) 5 Run ‘Pede’ for calculate to time offset.
millepedell/ 3. z-phi, US-DS correction with the laser calibration result.

- Mille.h (in macro, #include<Mille.cc>)
-- Mille.

‘-- others —»

-- Mille.cc } Mille to make binary file ~.bin.

. _ 4. Need 1 iteration for “not loose” clustering
Pede to optimize data as the matrix 20

(= solve the linear least squares)



Dark currents(1)
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Dark currents(2)
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pTC Time Center variation

Item Coefficients (ps/K) Effect
Fibre (2.5 m) +0.45 £ 0.02 +
Fibre (10 m) +1.00 + 0.04 +
Optical splitter +0.24 £ 0.11 +
Scintillator counter +1.24 + 0.04 +
Counter signal cable -4.1 £0.1] -
SYNC signal cable —-(0.08 + 0.02 +

_Lotal -13£02

"The laser-based time
calibration system for the MEG
IT pixelated Timing Counter”

Thermal expansion/shrink cannot fully

explain the time variation.

* * 1°C makes 1.3 ps difference for optical

components.

* The reported reproducibility ~11 ps

-> some agreement
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https://elog.psi.ch/elogs/Publication+List/134

Future Prospect

Time Correction Studies

Event time resolution [s]
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Apply a weight by 1/6% on each channel (for v,w) and each pixel (for F)

Event time resolution [s]
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