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Motivation and principle of MEG Il experiment :

New physics example:
 u > ey search at MEG || u — ey from slepton mixing

« CLFV decay, forbidden in SM z fmiﬁ

« Target sensitivity: Br(u — ey) ~ 6 x 10714 in 3 years
> Indirect probe of new physics up to O(10 TeV) scale

180° ' v 6
« Experiment strategy (\/e'  Notation
) Slgnal (U.+ T I;ft !I;xrs;?imenttime
« |dentified by kinematics \ . Efficiency
» Statistics:Ngjg <R, -T-Br(u—ey)-€ 52.8 MeV SE 8T.60 Resolution
« Main BG
« Accidental coincidence of BG-e & BG-y . |signal [BG |
* Np; X szc . T - DC beam of PSI ey time difference Same time No correlation
« |dentified by kinematics difference from signal 4y CliEetion Opposite | No correlation
e Ng; o §E, - 5E)§ . 502 - 8T E, 52.8 MeV < 52.8MeV

- High resolution measurement E, 52.8 MeV < 52.8MeV



Fxperimental method of MEG | 4

Liquid xenon photon detector
(LXe)

« MEG Il apparatus cosra f et

 Positron detection with spectrometer S”pe“id““'"gmag"et et
 Bending: COBRA magnet
 Tracking: Cylindrical drift chamber (DCH)
« Timing: Pixelated timingcounters (TC)

« Gamma detection with LXe detector
« DAQ: Full waveform acquisition with DRS4

VAN

Pixelated timing counter
(PTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDQ)

e Event reconstruction

 Positron measurement
* t, measuredat TC
« Decay vertex, E,., TOF from target to TC from DCH tracking

« L Xe detector measurement (15aA562-5)
- E,, y reaction point, ¢, at reaction pointin Lxe
- t, at vertex reconstructed with TOF correction
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DCH in MEG |

« DCH tracking detector

e Cylindrical stereo geometry of wires
« 128 readout cells x 9 layers

« Gas: He + 10% iso-C,H.; + 0.5% O,

e Operation in 2021 run
» Stable operation achieved in muon beam 4 stereo drift cells
« Hitrate of 1 -2 MHz on each wire — stereo drift cells

» Full signal readout for the first time N

* Some bad readout channels found R O O

- Operated with missing wires R
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Reconstructed tracks

« Successtul tracking demonstrated in 2021 for the first time
« Michel positron (bended)
« Cosmic-ray (straight)

'§‘30_' IE!SO_IIIIIIIIIIIIIIIIIIIIIIII
- Use of Michel tracks = 0 R -
. Performance evaluation 10?— Michel track _ 10?- Cosmic track _
e Calibration . E - % :
. . 0__ 7 0_— g -
« Normalization . ] s ]
00 TN -
- 4 P g - % f
 Use of cosmic tracks 20 1 : ;
e Calibration B T T T T T S AT T S T N N TR T
X [em] X [em]

« Detector alignment

Necessary tools are ready for physics analysis



Ffficiency estimation

« Definition of efficiency
e Contribution to MEG Il statistics

. Counted number of Michel positron X p, dependence correction

Expected number of Michel positron in acceptance region
« 52.8 MeV positron efficiency in the acceptance region

« Efficiency evaluation

 Results at different stopping rate
« Efficiency uncertainty: + 5 % uncertainty
e Decrease at high rate more significant than MC expected

 Possible cause of decrease
« |nefficiencyin hit finding due to pileup
« |nefficiencyin track finding

Muon stop/sec

Estimated efficiency  ~60% ~50 % ~40 %



« Michel fitting

« Fit with (theory spectrum X acceptance function) @ response function
 Acceptance: Parametrize momentum dependence of efficiency with error function

 Response function: Parametrize detector’s response with double gaussian

Michel Edge [MeV]
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https://journals.aps.org/pr/abstract/10.1103/PhysRev.113.1652

Calibration: Hit resolution

e Distance resolution

Drift distance measurement

* 0.15 mm resolution frack oo A e
- X 1.5 worse than MC L4000 PVl
: L N 12000 o Reewvtys et
« Calibration in progress enee oncol AR A=
« Time to distance relation 8000 / \\:;' s
« Timing calibration 6000, / \ .
hit — track residual iﬁ; / 3\,
E‘- 40; - S O;TO’I%OSHHOHHOOSIHOII_
 Na— 30 E_—— . . - .
g - _'__'__,_ ] Measured distance —distance from reconstructed track [cm]
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E -10; =+ Distance measurementis not completely calibrated
a0k - - - Further improvement expected
_30f T, 1 + Aiming < 150 keV momentum resolution after improvement
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summary

e Successful positron tracking demonstrated in 2021 run
« 184 keV resolution achieved with a large possibility of improvement
« 40 — 60 % efficiency depending on the beam rate
* Already better than the performance in MEG
 Further improvement still expected

_ Momentumresolution | Efficiency

Observed 184 keV 60 % @ 3.5e7 stopping rate
- Aiming 150 keV with
calibration improvement

MEG value 380 keV 30 % @ 3e7 stopping rate

« Positron reconstruction almost ready for physics analysis

12



Prospect

« Expected analysis improvement
« Calibration

 Planned DCH hardware improvements
e 2022 run

 Recovery of dead channels: Suspected to be electronicsissues
« 2023 run and later

« New DCH project ongoing

 Missing wire problem will be fixed



Backup
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Positron tracking 15

lonization time
estimated with TC: tp¢

e Hit reconstruction ///
e Drift distance measurement of jonization cluster: tayie
 Necessary for both track finding & fitting
 Drift time (up to 300 ns) + time to distance table Detection time at

« Drift time estimated with tqpig = tgen — tre Sense wire: tacp

e / position measurement Longer propagation
« Necessary mainly for track finding . Stronger attenuation |
(Track z reconstruction relies on stereo geometry) o
« Measured with time & charge difference at ends Hit on wire

e* trajector

e Track reconstruction
1. Track finding with local pattern recognition
2. Track fitting with GENFIT package

3. Track refinement
* Add hits missed in track finding
« TOF correction to ty., — tyc measurement
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Resolution [ps]
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Calibrations L

« Parameters to be calibrated
« Time to distance relation
« Wire alignment
« Time difference between each DCH wire/TC counter
e / position measurement
- Calibration in progress. Better performance expected with better calibration

/ measurementcalibration with cosmic track

zTrack vs zChargeDiv zTrack vs zTimeDIff
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Hit reconstruction

e / resolution
e 6cm core, 17 cm tail

e D resolution
e 0.15 mm core, 0.3 mm tail

hitz - track z Drift distance measurement
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