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MEG Il and RDC

”ﬂ

. MEG Il searches for u — ey decay

. RDCs are detectors to tag BG-y Tagged
from Radiative Muon Decay (RMD) ‘ (-52.8 MeV)
Detected
Upstream RDC candidate: (1-5 MeV)
Resistive Plate Chamber (RPC) with
Diamond-Like Carbon (DLC) electrodes \ /
= DLC-RPC \ COBRA magnet
é Downstream
RDC RDC
ﬂ . () ) Target ﬂ
ut beam

T spectrometer \

. Low momentum (28 MeV/c¢)
. High rate (1 x 103 /s)

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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DLC-RPC for MEG |l

. Multi layers for higher detection efficiency
e, =1—(1—¢)

. 4 layers limited for suppression of material budget
. Low-momentum u* beam passes through the detector

Al readout strip (30 nm) —

yzi +HV
- I I I I I
‘,f;;ﬁ “HV
. HV
o8 W—O +HV
) — ||\ /
+HV
Spacer (300-400 um) —»! ! ! I I
“HV

<

>
®20 cm
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Rate capability & scalability

Large current on resistive electrodes at high rate
= \oltage drop 6V reduces effective applied HV V

= (Gas gain reduction

(Conventional) bulk RPC DLC-RPC

oV, ngh resistivity plate

4 +HV
: valancne DLC
Avelanen Avalanche
Veir = HV =6V, = 6V_ Vg =HV =0V, —6V_
v Currentz Current i ny
TR 00—
-HV oV_
= Omean(Vest) - [, Y) +|py|- 1 V25V, ) |= Orean(Vart) - fX, ) | g

HV supply should be segmented
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Motivation for new electrode

Material budget 0.1% X, 0.1% X,
Rate capability 4 MHz/cm? 1 MHz/cm?2
Radiation hardness 60 weeks operation ? ey
revious talk
Detection efficiency 90% for MIP 60% with single layer
Timing resolution 1 ns 170 ps (Next talk)
Detector size 20 cm diameter 2 cm squared
. o Side view
. HV supply segmented in new resistive E . Conductive pattern
electrode * : = o
. Conductive pattern deposited on DLC o H DLC
= Higher rate capability and better y g _
scalability : -
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Production flowchart

X
ol

50 um width

1 - DLC sputtered on polyimide (PI) film

»
N

200 um width

3 - Insulation cover deposited
. 25 pym-thick photo-resist
. Deposited on conductive pattern and DLC boundary

6 Sept. 2022

2 - Conductive pattern implemented

400 pm diameter
160 um thickness
2.5 mm pitch

4 - Spacers formed
. ~160 ym-thick photo-resist

« Doubly accumulated for >300 um gap thickness

Development of resistive electrodes of high-rate capable DLC-RPC for background reduction in MEG Il experiment ﬂ




Conductive pattern structure

1 st trial Current structure

« Not trivial for metal to
deposit on DLC
« Cr can be well-connected

DLC (~1000 A) DLC (~1000 A)

. Crack and removal of Cr « No problem found
. Cr surface oxidised

P iy - Many cracks found - Much less cracks!
,,.\.
Gl PR E - Cr (X50)
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Spacer formation

Accumulate electrodes
400 UM with precise alignment

—eeeeee 1

l S m B
| - = u 1
~160 um

384 um
400 um I ~320 pm
+—>

- Previous spacer material production cancellation
= New spacer material used
- >300 um-thick spacers cannot be formed ¢«——» 5300 s gap th'Ckn.eS.S needed
_ _ S for enough efficiency
. Strategies for enough gap thickness
« Form ~200 ym-thick spacers
« Doubly accumulate spacers with precise alignment
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Produced electrode

Conductive pattern

~160 um-thick spacers
(2.5 mm pitch)

Good connection between Cr & DLC Good alignment
Resistivity

LOWT
— High
gow High
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Test setup

Gas mixture

R134a/SFe/i-C4aH10
=95/1/4

Electrodes

RPC

(P

Scintillation counter

Rleie

T
Waveform digitiser

(DRS4, 700 MHz)
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HV application system

(Conventional) bulk RPC DLC-RPC

Readout

Insulator

. — . +HV — e +HV
High resistivity material ! ! ! I I
——e -HV

-HV

. DLC-RPC can apply HV to each layer
. Absolute HV value can be small
« Operate each layer independently

Development of resistive electrodes of high-rate capable DLC-RPC for background reduction in MEG Il experiment
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Gap thickness non-uniformity

Non-uniformity in a layer
Height spectrum

Heiohtd HiNoiseiteigins

Non-uniformity among different layer

—e +HV
A few % signal —» I I I I I
@2600 V
—e +HV
@2500 V —o _HV

On-timing ||
Off-timing §

Detector response depends
on g incident position

Events /{4 mV)
=

No signal observed ——e +HV
-9 @ & I - i ES 14% eff. __| I I I I I
Height [V] @2250 V — o -HV

5% off. o +HV
@2200 V 'm_, oy

Height spectrum —

Height spectrum

tal | On-timing - 3 O-nwt'u Different gap thickness
= R 3 n-timing || .
3 Off-timing . 3" Off-timing among different layers

To be controlled for uniform gap thickness

s AT
0.2 0.3
Height [V]

Large noise in this strip
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Pertormance with only single layer

Pulse helght spectra

Ref: height spectra

Event display g T ; W|th old prototype
. E O ﬁﬁ 2500V | g 1 -
RIS E o p S
S0 {ﬂ% 200V | B “%“? 245kV||
T z N L WA, T
10731 - | : 107 1 % :
: ML 1 : 10 | ﬂ% :
5 il AT R ]
— L PO | O | A 0 0 11 EEE
i E 0 0.1 0.2 03 -0.1 0 01 02 03 04 05 ,
5_ Height [V] : Pulse height [V]
W Efficiency vs voltage
ik é 455 *
E 402 ............................ @ i
£ 35F . -
= - .
30F . -
i 25F
' 20; : 1
O : L
I 46% detection efficiency with single layer
S — 90% efficiency with 4 layer (1 — (1 —¢))%)
T 2200 2300 2400 2500
Voltage [V]
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summary

High-rate capable DLC-RPC is under development
for background reduction in MEG Il experiment

Improved resistive electrode developed
. Conductive pattern implemented on DLC
. Spacers formed and accumulated

Performance tested

. 46% detection efficiency achieved with single layer
- 90% detection efficiency achievable with 4 layers

. Gap thickness non-uniformity found

Development of resistive electrodes of high-rate capable DLC-RPC for background reduction in MEG Il experiment



Prospects

. Operation with all the layers
. Gap thickness to be controlled

. Performance evaluation with
. p-ray at 6(100 kHz/cm?)

. ut beam at 4 MHz/cm? at PSI

. Actual detector production and construction

. Aim at installation to MEG Il in 2023 physics run

Development of resistive electrodes of high-rate capable DLC-RPC for background reduction in MEG Il experiment
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Backup
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MEG |l experiment

. MEG Il searches for u* — e*y decay with the sensitivity of 6 x 1074

. SM + v osc: B(u*t — ety) ~ 107
. BSM (SUSY-GUT, SUSY-seesaw): B(ut — e*y) ~ 1071 — 1071

Liquid xenon photon detector

e COBRA F o Saarittomes (LxXe)
Generation superconducting magnet ¥ .
= D ztoy i 4 l .‘A‘$*5bﬂ'
C%rﬁge Spin [ I 111 \ 55‘ 24
u c t '
+2/3 1/2 O up charm top
dA—2 «—> CKM <«—
Quarks d b /
- S S
1/ 3 1/ e o down strange bottom § 7
= e 4> T
1 1/2 o electron #won tau Pixelated timing counter
Lok (pTC)
Leptons

Y Vv V Muon stopping target
0 1/2 o elgctroi—bo muon 4—0 tau
neutrino neutrino neutrino Cylindrical drift chamber
v oscillation Radiative decay counter (CDCH)

(RDC)
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MEG Il signal and background

. MEG |l searches for u — ey decay, one of charged lepton
flavour violation (cLFV) channels

. Dominant background is accidental coincidence of BG-e*
and BG-y

Radiative Muon Decay
(RMD)

Signal Accidental BG

. The same energy of 52.8 MeV Signal-like accidental coincidence
. Opposite direction of et and y with ~52.8 MeV
- The same timing 5
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Requirements for upstream RDC

1. <0.1% X, material budget

. u beam with 21 MeV/c must pass through the .

e

detector
2. Rate capability for 10° u/s (4 MHz/cm?) /
3. Radiation hardness for >60 weeks operation
4. 90% efficiency for RMD e* with 1-5 MeV
5. 1 ns timing resolution 10% u/s
6. 20-cm diameter detector size Upstream
RDC

High-rate capable RPC with Diamond-Like Carbon
electrodes for upstream RDC
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Sheet resistivity

—e +HV
~12 MQ/sq. I I I
~12 MQ/sq. o -HV
—e +HV
~20 MQ/sq.
~12 MQ/S . — o -HV
—e +HV
~20 MQ/sq. I I I I I
~12 I\/IQ/sq.

—e -HV

—e +HV
~20 MQ/sq.
~12 MQ/sa. Ly




Strip alignment

Side view

Top view

Cr+Cu /\ .

(50 ym width)  Resist strip
(200 um width)
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Damages in electrodes

-

L2 cathode

LT anode

DRV EEZRIFTERLTWS
—ERRUESEBURLSEoTh, 1200 VHIED X THITD EEBEHF
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Damages In electrodes

Anode

Cathode
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