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Introduction

DLC-RPC in the MEG |l experiment  oicrec

DLC-RPC:Resistive Plate Chamber with u* beam H & o =

> High intensity (7 x 107 /s)

Diamond-Like Carbon electrodes > Low momentum (28 MeV/c)
-Requirements for the DLC-RPC —_  An electrode for a small prototype
1. Material budget: < 0.1 % X, ' DLC
2. Rate capability: 3 MHz/cm?
3. Radiation hardness: ~100 C/cm? Pillar
in 20 weeks operation (2.5 mm pitch)
4. Detection efficiency: > 90 % for MIP Conductive strip
5. Timing resolution: < 1 ns and protection cover
6. Detector size: 16 cm © Polyimide foil
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~_Introduction
Discharges In the past tests
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DLC-RPC HYV current [HA]
W
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| M. Takahashi, et al.,
Nucl. Instrum.Methods A,1066
(2024),169509
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Date

@ Irradiation tests with muons or X-rays have done to evaluate the rate
capability and aging.
ODlscharges on the DLC RPC have prevented the operatlon
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What induces discharges f
Where discharges happen o o Anode

%~ Protection cover — I
" (200 um w1dth)

B TEEERNT T

. #2 8 Conductive strip W o
- Top of spacer —SEESuug g (50 um width) :

s 'l 2 .
" Side of spacer

Ay \ DLC
(a) Top view of the spacer (b) Oblique view of the spacer C ath Od e
Pillars Spacing pillars Flatness issues
(® 400 pm, 2.5 mm pitch)
Possibilities

Protection cover
¢ Accumulated damage otection covers

« Discharges can occur when a certain amount of damage is stored.
€ High-intensity radiation
«  Such radiation induces large gas amplification potentially leading to fatal damage.

€ Unstable structure
«  Positions where discharges happen easily
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Electrode type change

New sample

Sample used in the past tests

DLC

S Pillar

QBB - (2.5 mm pitch)

Conductive strip
+Protection cover

Polyimide foil

3 cm e
Surface resistivity: 40 MQ/sq. Surface resistivity: 6 M(Q)/sq.

Changes T

€ Material of the pillars
€ Conductive strips

Examine the operation with this
sample under irradiation

mﬁﬁ*ﬂ” : —ﬁ?_ —_18aWWA203-7- 7




Long-term operation
DLC-RPC chamber

Setup

Waveform
digitizer(DRS4)

| DLC-RPC
Active region
(30 mm X 30 mm)

Gas:C,H, F4(R134a)/SF /-C4H10= (94/1/5)%
\_
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Long-term operation -

Procedure

Efficiency [%]

-]
-
T

Detection efficiency (994.8 hPa)

60 |

o®

“.. ................... —

50 F

40 F

30 |

20 F

10 F

2.2 2.4 2.6

2.8

Voltage [kV]

— 4@ Minimum Operating Voltage: 2600 V

Based on the previous discussion
regarding its sufficient detection efficiency
and the gain.

¢ Two B-ray rates

€ High rate: 0(100)kHz
€ Low rate: 0(10)kHz
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Long-term operation
Result of a test with B-rays (O(100)kHz)

> 2500

£ 2000

S 1500

2

> 1000
500

—_ 5

<«

= 4

S

8 3

=

=] 2

&}

1

Irradiati

on

»

09/02 16:00 ?9/02 17:00 09/02 18:00 09/02 19:00 09/02 20:00 09/02 21:00 09/02 22:00 09/02 23:00 09/03 00:00 09/03 01:00

= : Tripped
= il /
S Spikes Spikes | {¥

= L y C

— I e

09/02 16:00 09702 17:00 09/02 18:00 09/02 19:00  09/02 20:00 09/02 21:00 09/02 22:00 09702 23:00 09/03 00:00 09/03 01:00

€ The operation lasted for 8 hours.

€ The detector could operate for no more than 4 - 8 hours under this condition.
€ Spikes started occurring and large ones terminated the operation.

e s e
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Long-term operation
Result of a test with B-rays (O( 10)kHz)
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Spikes began during the second half of the period of 2600 V.

€ Frequent spikes at 2625 V—Less stable than 2600 V

€ Current fluctuation was due to variations of the atmospheric conditions and imprecise
posmomn of the RI

e
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Long-term operation
Pulse- helqht spectra at 2600 V and 2625 V
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. . . Height [V]

Height [V]
€ DAAQ at the operation voltage was done six times during the long-term operation.

€ No change of the pulse-height spectra during each periods
—>ConS|stent performance at each voltage in terms of the detectlon
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Long-term operation -
Comparison with the high-rate radiation

Irradiation

A test with B-rays (O(100)kHz) .

Spikes

ripped

Spikes

N—

Current[uA]

R
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5
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8

€ The lower intensity is, the longer the operation gets.

€ High-intensity rad
the operation ear

> Not tolerant to

>H|gher reS|st|V|ty electrodes and Iowerlng operatlng voltage are needed.

/02 16:00 09/02 17:00 09/02 18:00 09/02 19:00 09/02 20:00 09/02 21:00 09/02 22:00 09/02 23:00 09/03 00:00 09/03 01:00

lation causes large discharges which terminate
ler.
nigh-intensity ones and the resistivity is too low?
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Summary & Prospects

Summary

€ DLC-RPC requires 20 weeks operation in the MEG Il experiment
* Discharges stop the operation and cause damages to the detector.
€ Long-term operation
* Tests with new electrodes was done to investigate the discharges.
* The operation is hindered easily with the high-rate radiation.
* Obtained pulse-height spectra showed that the long-term operation
did not influence on the performance at 2600 V and 2625 V

 However, discharges ended up occurring at a certain point in the
period even with the low-rate one.
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Summary & Prospects

Prospects

@ Investigating the weak point of the structure for a high-intensity radiation
« Around the pillars
e Conductive strips
* Resistivity
& Survey for the proper operation for the long-term stability
« Operating voltage
& Fabricating the next module to test the performance in a high-intensity muon
beam
* Designing
e Operation
« Satisfy 90 % detection efficiency for MIP, the rate capability of
3 MHz/cm?, and the radiation hardness of 100 C in 20 weeks operation.
* =\

)
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Long-term operation

Procedure
€ Condition the detector

* Raising the voltage gradually
* Irradiation at lower voltages
€ Place a Sr90 2 cm from the detector
€ Accumulate integrated charge as much as in
the past tests >
€ Examine the influence by lowering the
iIntensity
€ Begin long-term irradiation at the operation
voltage
€ Put Sr90 is put 0 cm from the detector to do
DAQ i m 10 minutes DLC RPC actlve region

9/18/2024 A YE ﬁﬁﬁ*i\ —1?—— — 18aWA203-71
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Long-term operation
Results @ After the conditioning, the DLC-RPC was being irradiated.

Current[uA]

€ Some spikes happened during the second half of the irradiation period.

DAQ DAQ Spikes _Spikes N AA
osE o DAQ Tl DAW
' Long -term |rrad|at|on for 60 hlours
0.4 T (R .................................................... ‘ .............................................. .............................................................. 5
0.3 = !

0.2 It

0.11E . | . . . ' . ' .
09/04 21:00 "09/05 09 00 "09/05 21:00 "09/06 09 00 "09/06 21 00 09/07 09 00

€ Fluctuation of current

€ The temperature change € Imprecise positioning of the Rl
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Long-term operation

Procedure
Pulse height spectra in the previous talk
£ T TR =wmas | 4 Minimum Operating Voltage: 2600 V
gm_l 25k & _ Based on the previous discussion regarding its
£ o sufficient detection efficiency and the gain.
USTE o :m = = @ B-rayisirradiated during the operation.
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What induces discharges
Main factors

1. Pillars
 Distort the electric field or enhe

amplification o S R

2. COndUCtIVG Strlp cover (a) Top view of the spacer (b) Oblique view of the spacer
* |Insufficient quenching Fig. 10, Discharge via  pilla

. - h -4 nsula ion sl

3. Flatness issues B [ comvan

« Setup or the bad structure of the Conductive strip e RERRBEIEEG VAT

(50 um width)

electrodes—Non-flathess
 Non-uniform electric field

4. Contamination
+_Sparks caused by dusts between the gap (045 m 35 mm e

Qﬁﬁﬁ*ﬁ’_i —— —ﬁ?—— __T8aWA203-7
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Discharge marks

Anode

Cathode
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Pulse-height distribution
Comparlson between the start and 24 hours later

Normarised entries
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Self trigger

Reference trigger
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Long-term irradiation
Results Conditioning

High voltage [V]
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Discharge marks
Anode
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These marks were not removed completely.
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The structure of the DLC-RPC

DLC-RPC and the upstream RDC

— Conductive strip
B __—Polyimide foil : — |

Pillar (2.5 mm pitch) ——

______

e e = p




What induces discharges

1. Flatness issues

2. Dusts

3. Pillars

4. |nadequate conditioning
and baking with an Rl

5. Resist cover

i e Vil 2
&< |nsulation cover
20

Conductive strip
(50 um width)

Spacing pillars
(® 400 pm, 2.5 mm pitch)

=SEE L, BAYE2024 £5F KR, 2024 £3821 H

Non-flatness of electrodes




Introduction

Discharges in the past tests

&= Insulation cover
. (200 pm W|dth)
Conductive strip ~fSe R
(50 pm width) S

(a) Top view of the spacer (b) Oblique view of the spacer

Spacing pillars

Fig. 10. Discharge via a pillar.

Masato Takahashi., et al. (® 400 um, 2.5 mm pitch)
Nucl. Instrum.Methods Phys.Res.Sect A,1066 (2024), Article 169509 SEEI BAYIE2024 £E5FKE, 2024 £3 A21 H

€ Discharges on the DLC-RPC have hindered the operation.
& Via a pillar
OAIong an Insulation cover

A Qﬁfﬁ*ﬂﬁ ” \ 182 WA2037



https://www.sciencedirect.com/science/article/pii/S0168900224004352?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900224004352?via%3Dihub

Procedure
Conditioning at 1500 V w/o an RI for 1 hour
« Raising the voltage from 1500 V~2000 V by increments of 100 V in 5 min
« Irradiated at 2000 V w/o a collimator for 5 min (2 cm above for 2.5 min, 0 cm for 2.5 min )
« Same as above at 2100 V (2 cm above for 5 min, 0 cm for 5 min )
« Same at 2200 V (2 cm above for 7 min, 0 cm for 7 min )

...........

To bake dusts in

the wider area of
the electrode.

Irradiation 2 cm above Irradiation O cm above

9@%*‘ e \aWAZOB



Procedure

* 2300V | Position scanning
« 2 hours irradiation in total

« Position Scanning
« DAQ

« 2400 V:Same procedure as 2300
V

o 2450 V:Same procedure

« 2500 V:Same, but irradiation time
Is shortened to 1 hour in total

« 2600 V:Same and long-term
Irradiation is started

« DAAQ several times and once 24
hours later

- The active region
1S roughly divided
into 9 points

* Irradiated at each

- point

- \
|

e — — %



Old pillar New pillarin 2023  New pillar in 2024

Pyralux Dynamask
Dupont Eternal
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Introduction

MEG II experiment e h‘::?:x‘ ““““ ‘Lkl}dxenon(&gton detector
» Searches for the 4 — ey decay S”pe“ﬁ““‘"g " ;‘;;;5;;’;&

» Charged lepton flavor violation process (cLFV)

» Discovery would be an evidence for new physics

» Aims for a sensitivity of 6 x 10~*

7

(MEG: 5.3 x 10~13)

—

Pixelated timing counter

— Signal Accidental Background g
Muon stopping target
Cylindrical drift chamber
Radiative decay counter (CDCH)
. et (RDC)
180 Back round-
]i sources
+ —_—
% e e
% \ I > <
y-ray from | v y
background events /_ |
— 52.8MeV _ o v [
14 Michel decay Radiative muon decay (RMD) [ Annihilation in flight (AIF)

=N

, —
i “ 9@&*&7@*‘\ \‘vwxzos 134 \




Introduction

Radiative decay counter (RDC) Detected,
-5 Me
»Detecting low momentum e™ and tagging 1,4
BG-y from the RMD ~528mev)
»Reducing the background events Radiative muon decay (RMD)
Under development \ Xe /
\ COBRA magnet
_ Downstream RDC
] ¥(RMD) —
u* beam at the upstream RDC L] &= Rup) -

/ e’ spectrometer '\

i ™—  — “gulilin

> High intensity (7 x 107 /s)
» Low momentum (28 MeV/c)

' ———\
9@&*&7@*‘ = \ aWAZOB 135
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~Introduction
Requirements for the upstream RDC

1. Material budget: < 0.1 % X,

2.Rate capability: 3 MHz/cm?

3. Radiation hardness: 20 weeks operation
4. Detection efficiency: > 90 % for MIP

5. Timing resolution: < 1 ns

6. Detector size: 20 cm ©

DLC-RPC: Resistive Plate Chamber with electrodes based on
Diamond-Like Carbon

- \
|

== laWA203-7

e ——————————————————————————————
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Introduction
DLC-RPC Resistive Plate Chamber (RPC)

Diamond-Like Carbon (DLC) - (Gaseous detector consisting of parallel plate electrodes

- High resistivity and thin film *  Fasttiming efficiency |
. Adjustable resistivity « Higher detection efficiency by stacking layers

(Detection efficiency of n-layers: €,, =1 — (1 — €;)")

- DLC i : :
Diamond | e carony | GT@Phite Particle passing

+HV

- DLC

Electric
} field GND
PCS Instruments, The Science Behind Diamond like Coatings

(DLC), https://pcs-instruments.com/articles/the-science-behind- /
diamond-like-coatings-dics/, December 3, 2021

Operation principle of DLC- RPC
9@%*‘ - \aWAZOB



https://pcs-instruments.com/articles/the-science-behind-diamond-like-coatings-dlcs/
https://pcs-instruments.com/articles/the-science-behind-diamond-like-coatings-dlcs/

DLC-RPC

An electrode for a small prototype

Introduction

(4-layer DLC-RPC)

The structure of DLC-RPC for MEG I

pLc __ =

DLC (100 nm -t)

— i HV

QTR Pillar Pillar

R (300 - 400 um -t)

e .
+HV

T e .
+HV

..... Polyimide foll - :
..... Polyimide foil @) — HV
' | (50 um _t) > 1 +HV
3 cm | ~HV
DLC sputtered on a 50 pm thickness polyimide foil ) 20 cm g

Pillars to sustain a gap between electrodes

More than 40 % detection efficiency with a single layer is required.
—90 % eff|C|ency with 4 Iayers

mﬁﬁ*ﬁ* —— \‘WAzos
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First prototype

Module

Designed for the evaluation of the rate capabilj

in a high-rate muon beam
(JPS 2022 autumn, 6pA421,
JPS 2023 spring, 23pT2-5)

Inner overview of First prototype

_____ Signalreadout /.
[\"‘I ¥ ."'r'.. ’ . 3
= HV line . 3 R
-,-‘”‘; ¥ : | .“| {
k LY &P
7"
)¢ ®
< >
® 29.8cm

Electrode Piliar Side view of an electrode 60 - 180um

:l_l_l_l_k‘_
| /8 & @ 8 §

'olyimide foil

Accumulating electrodes

- 0 0 8

Jeinnnam

1 300 - 400pm
3 cm X 3 cm active region
Cross-section scheme

Alignment pin

Top substrate DLC-}RPC gas gaps
O-ring for i = = / = + HV
. e —_
airtightness — — —
O O O
| | |
O | O
. . o
_l =\ Readouyt stri
Bottom substrate Adhesive ips —

—

| 18aWA203-7{ §

[ Camomen

b L



- First prototype
|Issues

1.Distortion of an electric field

* Inhomogeneous pillars that made the non-uniform gap

* Fixing method that causes the thin-film electrode to be
distorted

2.Insufficient quench

Distorted spacing pillar

wrigei 29l [2]

Discharge at conductive strip

Insulation cover
(200 pm width)

(® 400 pm, 2.5 mm pitch)

mﬂﬁ*ﬁ” \avmzos




Production of new electrodes

Side view of electrodes

Stl‘u Ctu e Previous electrode

SR : +
- . - P . =
ikl - |
Lo
[
o
Bl 0 o GG S0 AT N Al L ;
|

. Polyimide foil~~_ New one

DLC —

Pillar (2.5 mm pitch) =—"

NI | ¢ Attaching 300 um thickness pillars onto an electrode

“ & Pillars formed on one side

€ A new material (Dynamask) enables to produce thicker
pillars

3cm

mﬁﬁ*ﬁﬂ ——a \‘vwxzos
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Performances with new electrodes

Resu It Detection efficiency vs applied voltage
Pulse height spectra of B rays ol —z. ;
E ]_ E‘I T T T T T T ) +§ B P -
k- = — 2.3kV g T ®
S 1Ll 24kV = 0Sp p
- = H N
7 = —25kV - *
'E ll]_: : !'!'!I_h ] 2 6 LV 0.4 j- - - - - ----- - - T -~ -
: SR e e ' : - 40 % with a single layer required
S n 1,1] "||. — 2.63kV i 0.3F
“ 107 gl : - '
S ' |'|'||I| i — 2.65kV : -
= | 3 B
Y P 1] _| wo [ || ] 02
. i Detectio "‘I' iCi l“' 57 ° . il ®
].I] _IiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0.4 0.6 23 235 2.4 245 25 255 2.6 2.65
| Height [V] Voltage [kV]

Threshold:20 mV

€ 57 % detection efficiency was achieved at 2.65 kV.
€ The operation will be performed at 2.63 kV for its stability.

9@&*&7@*‘ | \avmzos
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