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Charged Lepton Flavour Violation

> In the Standard Model, lepton flavour is conserved

> Neutrino oscillation is observed
Flavour in neutrino sector is violated

> Charged Lepton Flavour Violation (cLFV)
Practically never occurs in SM: B(u — ey) ~ 10 °%

Many new physics predictions in a measurable region
SUSY-seasaw, SUSY-GUT etc.: B(u — ey) ~ 0(1071%)

= The discovery of cLFV is clear evidence of new physics

Lepton flavour violation

MEG I1
<2 N
Charged lepton <5 <

) =
== r\
Electron Muon Tau

Neutral lepton
Already observed

Electron Muon Tau
neutrino neutrino neutrino  Ref) higgstan.com



MEG Il experiment

ut — ety search using the world’s most intense u* beam

- Upgraded from VIEG experiment (2008 - 2013)
MEG result (2016): B(u" - e'y) < 4.2 x 10 3(90% C.L.)
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ut - ety signal and MEG Il detectors

> The u*t —» e*y signal features

v et and y have the same energy (52.8 MeV)
v et and y emitted at the same time
v et and y emitted in opposite directions e+4_____52.8 MeV

Liquid xenon photon detector

> MEG Il detectors coBRA s (Lxe)

supercTucting magne

.......

Liquid xenon calorimeter

et detectors
Drift chamber %
Timing counter

Pixelated timing counter
(pTC)

Muon stopping target

Cylindrical drift chamber
(CDCH)

Radiative decay counter
(RDC)




Background in MEG I

> Accidental coincidence of BG-e* and BEG-y
with different sources

et : Michel decay
vy : Radiative Muon Decay(RMD), Annihilation In Flight (AIF)

RMD Sources of BG-y (E, > 48 MeV)
V
MiChel decay . RMD . AIF rr?olonyneldpermuondecay

MEG

Reduction of AlZsfank

/
+ : \A\/ I

AIF 0 1.5 3.0 4.5 6.0
x10%

e+ Identifying BG-y with
@ Radiative Decay Counter (RDC)
o

$ 10 the




Radiative Decay Counter (RDC)

> Detector for tagging EG-y

> When BG-y have signhal-like energy (~52.8 MeV)
most of e™ have a low energy (1 — 5 MeV)
RMD e distributed on the u* beam axis

Upstream RDC y detector
Under development

\) COBRA magnet
v///////////////////////////////////7 / W
US-RDC DS-RDC € \
+

H Downstream RDC

RMD Tagged

) )Target

et spectrometer
/ \
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Already installed




Requirements for upstream RDC

> US-RDC needs to detect MIP e* from RMD in
a low-momentum and high-intensity muon beam

(28 MeV/c) (1 x 108 u/s)

1. Material budget: < 0.1% radiation length

2. Rate capability: 4 MHz/cm? of muon beam

3. Radiation hardness: > 30 weeks operation RL:)SC

4. Efficiency: > 909% for MIP 1R_M5Dl\iv '

5. Timing resolution: < 1 ns “/\\m/beam\

6. Detector size: 20 cm (diameter) 28 MeV/c
1x108 u/s

Developments of Resistive Plate Chamber (RPC) with
Diamond-Like Carbon (DLC) electrodes for US-RDC




DLC-RPC

> DLC : high-resistance thin-film material

- Small material budget by sputtering
Controllable resistivity by changing film thickness

> RPC : gas detector

Fast response (< 1 ns)
- High detection efficiency (by multi layering)

Principle of operation of DLC-RPC

Readout strip / (1) Passage of radiation
Diamond DLC Graphite B
(Diamond-like carbon ) DLC H V
oy TSP
SN/ e
, O.fa;‘.'i .i (2) lonisation
’f?‘\\"'f; )\ 4 (3) Avalanche
Py
PP +HV
;[ (4) Signal readout



DLC-RPC for MEG Il

DLC-RPC electrode sample Scheme of MEG Il DLC-RPC structure

Al readout strip

(100 nm) =» ' +HY
(~100 r?nl-nc) :H\\‘;
Pillars for DLC (Psocllvpixnnii)deto'“ 1.'13
spacer || e —HV
& Spacer +HV
Polyimide ‘384“mmHv
foil — ¢
> Requirements for US-RDC and current status of DLC-RPC
Contents Requirements Current status
Material budget < 0.1% X, ~0.095%
Rate capability 4.0 MHz/cm? 1 MHz/cm?
Radiation-hardness > 30 weeks
Detection efficiency > 90% > 409% (with single-layer), > 90% (calculated)
Timing resolution 1ns 160 ps
Detector size ¢ 20 cm 3 cm X 3 cm (active region)




Purpose of this study

> Investigating radiation-hardness of DLC-RPC

Radiation-hardness of DLC-RPC has not yet been studied

Known ageing effects in conventional RPC

Deposition on electrodes
Increased dark currents correlated to fluorine deposition

=> We need to confirm in DLC-RPC as well

How much irradiation causes ageing?
Are there ageing specific to DLC-RPC?

> Li presents operation test and problems with the new electrode
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Requirement for upstream RDC

> Requirement of radiation-hardness in MEG Il experiment
30 weeks operation in a low-momentum and high-rate u* beam

28 MeV/c 4 MHz/cm?
Not easy to take out after installation

> Evaluation of ageing of DLC-RPC performance due to irradiation

The integrated charge due to irradiation is compared with
the irradiation doses of u* beam

> Estimation of irradiation doses in u* beam

(Charge) = (Avalanche charge) x (Hit rate) x (Operational period)
Average avalanche charge : 3 pC
Hit rate : 4 MHz/cm?

- 3 pC x 4 MHz/cm? x 30 weeks ~ ((100) C/cm?

> Irradiate as much as possible



Irradiation facilities and test

> Fast neutron radiation facility @Kobe Univ.

2022/6/20 - 2022/7/3
Tandem electrostatic accelerator

Be +d — 1B + n + 4.36 MeV
0(108) Neutron with peaks at 2.0 - 2.5 MeV g3

> X-ray generator @KEK Platform-C

2022/8/29 - 2022/10/7
Cu target
X-ray with 8 keV

From these test,

Irradiation doses of @(100) mC/cm?

were obtained




Setup of DLC-RPC

Inside the chamber
DLC-RPC electrode Scheme of the chamber

Readout strip

‘ Spacer
(384 pm)

Aaiv:region
(2cmx2cm)

© ,Polyimide T

Radiation
Chamber Waveform degitiser
Trigger counter (DRS4)
Gas mixture 0 50 mV ‘ 3
R134a/SF/i-C4Hyg o I\ 10ns E
=94/1/5 I T VYV M S

=270 =260 =250 =240 -230 —2kec]



Setup of irradiation test

> The chamber as close as possible to the output point

Setup of neutron irradiation test Setup of X-ray irradiation test

X-ray generator

X ‘\: 2t A"
Be target

L1

>

X-ray collimated

togp lcm Readout strip




Results of total charge

> Monitor detector current for irradiation dose evaluation

Pulse height distributions for g-ray were measured
to evaluation changes in performance of DLC-RPC due to irradiation

In addition, pulse height distributions for X-ray was measured continuously

Current during neutron irradiation Current during X-ray irradiation
A S | 2 6F - | .
T 0.8 ™ T by | S L gl [l -
60 6:_ ....... r ........... ’L -LC) 45 W‘l‘h M‘rm
. E 3 = . SO0 . 8 oo OO | OO ESPRRRPROOI-o 1 O OV AUSPRUROIO OPRTRIPRIOOR 4% N0 NSRRI OO
0.4 - N - o 8 S 8 A SO USSR | | 8 USROS ESSSSSN S8 S o
02} A 161 | R —
0 - *ﬁfZ?iOQ::']O I OSIJ’ZB DB:IGO I OSI.'ZQ:OQ.‘IIDO ‘ 06#’3()'09:(‘)0 0'1:f01i09:0Y D;IOZ‘OQJOO I 07‘103 09;%0 I 0 T:v‘ : " I : " I I I : ’ I I I I " vl
HV scan 1st 2nd  3rd  4th  5th 6th - HV scan Before™™ | | After
Total charge due to neutron irradiation Total charge due to X-ray irradiation

= 165 mC/cm? > 272 mC/cm?




Changes in performance of DLC-RPC

> Neutron irradiation test
1st and 2nd, readout strip was not in place
Agreement at 6.4% from 3rd and 6th

> X-ray irradiation test

Normarised entries

Agreement at 5.3% before and after irradiation

Pulse height distribution in

neutron irradiation test @ 2750 V

| ] -
L‘%x —4th f
I H%% ~Sth | |
- oth | 7
HH‘H]’E
0 0.1 0.3

Height [V]

Normarised entries
[y
o=
(&

Pulse height distribution in
X-ray irradiation test @ 2700 V
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=
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— After
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<
t
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My
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Height [V]

No significant ageing in performance DLC-RPC was observed

at irradiation dose of ©(100) mC/cm?




Electrode surface condition survey

> Using X-ray Photoelectron Spectroscopy (XPS)

\ \

Cathode active region

Cathode .04 Anode with some discharge
h . 4 C1
. S
Active Fi1s -
region |, .o _ | Ofs
o
RN | ocii 08 A ~"‘k ,wm”. N |\
i naC' Ive ot - S | “ Si2p
L region D
i 1000 800 6(’)0 4{’)0 2(I)D [I)
Energy(eV)
By~ 7T Cls(%) NIs(%) Ols(%) Fls(%) Si2p(%)
Non-irradiation 79.03 3.19 17.78 - -
Neutron irradiation (active region) 76.06 - 15.22 7.37 1.35
Neutron irradiation (inactive region) 72.82 3.02 19.72 1.53 291
X-ray irradiation (anode discharge point)  67.63 - 15.52 14.51 2.35
Cathode active region 74.82 - 17.22 5.89 3.68
Cathode inactive region 81.20 — 15.72 - 2.37
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Ageing effect of DLC electrode

> Fluorine deposition on electrode due to irradiation

Proportional to the amount of charge generated
* Fluorine does not deposit simply by being in contact with DLC-RPC gas
- Ratio deposit to is higher for anode

> Fluorine source is the operating gas of the DLC-RPC

R134a (C,H,F,): However, it is stable and hard to break a bond
SF;: Generated during avalanche
SF, + e~ — SF*,  SF;* — SFo +F

> Reports of the effects fluorine in other experiments

Reported on Guida, R., RPC2022 and Rigoletti, G., RPC 2022.

Fluorine deposition and gas contamination cause dark currents

=> Dark currents can be suppressed by quickly flowing polluted gases
Dark currents due to fluorine deposits on electrode are permanent
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> DLC-RPC is under development for MEG Il US-RDC
The low-momentum and high-intensity muon beam passage
-> Several stringent requirements are imposed

> First study on the ageing of DLC-RPC
- Using fast neutron and X-ray irradiation facility
165 mC/cm? integrated charge by fast neutron

272 mC/cm” integrated charge by X-ray with 8 keV

Integrated charge was 3 orders of magnitude lower than that of
MEG Il (0(100) C/cm?)

> Ageing effect of DLC electrodes
Fluorine deposition on DLC electrodes

-> No significant ageing in performance was observed at this irradiation




> Further long-term irradiation

Investigate whether detector performance deteriorates
Effects of dark currents due to fluorine deposition

Additional, long-term stable operation of the detector
will be confirmed

> To reduce ageing due to fluorine

Increased dark currents due to gas pollution
reported by other experiments

Quick flowing polluted gas reduces dark currents



Backup



Charged lepton flavour violation

> In the Standard Model, lepton flavour is conserved
- There is no explicit gauge symmetry

> Neutrino oscillation have been observed

Lepton flavour breaks between neutral leptons
Neutrinos have mass
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History of CLFV experiments with muons
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MEG |18k D 1% a5 £ 8E

MEG %5 MEG Il design MEG II updated

et OEH) &5 fikHE op_, (keV/c) 380 130 100
et DAEIIRRE 0p , (mrad) 9.4 5.3 6.7
Y DIANF=GEHE op, (%) (w < 2cm)/(w > 2cm) 24/1.7 1.1/1.0 1.771.7
v DILE ST FRE 0, (mm) 5 2.4 24
et &y ORFHIIRRE 00, (ps) 122 84 70
et OBHNE ey (%) 30 70 65
v DRI ¢, (%) 63 69 69

>  Baldini, A. M. et al., “The Search for u* — e*y with 10* Sensitivity: The Upgrade of the MEG Il Experiment”,
Symmetry 13 (2021)
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EEBI D Resistive Plate Chamber
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Al readout strip

(100 nm) = |
+HV
DLC
— HV
(~100 nm) v
Polyimide foil hy
soum) > +HV
—HV
Spacer o
384
(384 pm) —HV
¢ 20cm
Wathy 2 45t koo
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kY v 7L Cls(%) Nls(%) Ols(%) Fls(%) Si2p(%)
Non-irradiation 79.03 3.19 17.78 - -
Neutron irradiation (active region) 76.06 — 15.22 1.37 1.35
Neutron irradiation (inactive region) 72.82 3.02 19.72 1.53 2.91
X-ray irradiation (anode discharge point)  67.63 - 15.52 14.51 2.35
Cathode active region 74.82 - 17.22 5.89 3.68
Cathode inactive region 81.20 — 15.72 - 2.37




