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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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Radiative Decay Counter

. Radiative Decay Counter (RDC) detects RMD e* U,
with 1-b MeV to tag BG-y

. RMD y tagged by time difference between

Tagged

---------------------- 7 N\{ (528 MeV)
. Low-energy e* fly around beam axis due to a ¢

magnet Detected
S . (1-b MeV)
, v detector
COBRA magnet .
(e ¢/, (LSS LSS LT L LSS LTSS LTSS LSS S S S SIS,
Downstream RDC //////'/////////////// Upstream RDC
Already developed | RDC v (RMD)*\ : RDC Under development
and installed I] \ E———
utbeam
/{(Michel)
./- g g \_/_ —— _}\_ _\_ e spectrometer
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Requirements for upstream RDC

1. <0.1% X, material budget

. u beam with 28 MeV/c must pass through the ot

detector /
Rate capability for 10° u/s (4 MHz/cm? at centre)

2.
3. Radiation hardness for >60 weeks operation
4. 90% efficiency for RMD e* with 1-5 MeV
5. 1 ns timing resolution 28 MeV/c
6. 20 cm diameter detector size Upstream 108 /s
RDC

Ultra-low mass and high-rate capable RPC
with Diamond-Like Carbon electrodes
for upstream RDC
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DLC-RPC (1)
RPC with DLC electrodes (DLC-RPC) 2&??

. DLC sputtered on 50 um-thick polyimide (PI) foil /Y
= Material budget can be suppressed

. Electrodes decoupled by PI +HV PRV
= HV applied for each layer independently Currenty o

(Conventional) bulk RPC DLC-RPC
Readout Readout

nsulator |

+HV e e e ———————— +[{\/
High resistivity material (Glass, bakelite) DLC (~100 nm) for electrode
——. -—HV

Diamond-Like Carbon

- |-{\/
Y i) +HV

Y - ) _HV

B R -
Y
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DLC-RPC (2)

. Spacers formed using photolithographic technology
. Should be careful to make flat thin film

Spacer
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DLC-RPC for MEG |l

. Electrodes stacked for higher detection efficiency
. Efficiency with n layers: ¢, =1 - (1 —¢)"

. 4 layers limited by material budget
. 50 um-thick PI foil: 0.018% X,

. ¢, >40% for 90% detection efficiency with 4 layers
- >300 um gap thickness needed

Al readout strip (30 nm) —

Design draft

278 mm

for suppression of — e +HV !
DLC :
(~100 nm, 6(10 MQ/sq.))

Spacer
(300-400 um-t, 400 pm,
2.5 mm pitch)
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R&D history

R&D for fast timing RP

~ —

ut beam test at PSI

Improved detector R&D

Prototype for MEG l

Aim to install in MEG I

!

| | | | | | | | >
| | A | | | | N | |

& 3 & & & & Ly &

v v v v v v v v

T Report at CLFV2019 by A. Oya Report at RPC2022

New RPC idea by A. Ochi

Adopted for Grant-in-Aid for Challenging Research Report at TIPP2021 by A. Oya
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Electrode production

35 mm 5 mm

1 - DLC sputtered on Kapton foil 2 - Insulation cover deposited
. DLC thickness ~ 800 A . 25 pum-thick photo-resist
. Deposited on DLC boundary

Produced electrode sample

3 - Spacers formed
. 384 um-thick photo-resist
. 2.5 mm pitch
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I st prototype detector

DLC (60 MQ/s i _
i — 1 Performance overview
Gas mixture at 6(1 — 10 kHz/cm?)
R1 34fg85F61/if4H]0 . Successful operation with ultra-low mass
= 95/1/ design (<0.1% X,)
. Detect low-momentum p* (28 MeV/c)
penetrating detector
B P foil . 60% MIP efficiency achieved with single layer
Active area (50 um-t) - 85% MIP efficiency achieved with multi layers
(3cm x 3 cm) . Due to non-flatness of electrode
Rubber for - 170 ps timing resolution
v gas tight

[mV]

n: \ 10.ns e

Aluminised Pl - B -
(~Tcmx~10cm / n " =
Al 100 nm-t) Eww ARRVAA /V\%

23
T

Waveform digitiser
(DRS4, 700 MHz)
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High rate capability of DIL.C-RPC

. Large current on resistive electrodes at high rate
= Voltage drop 6V reduces effective applied HV V_

= (Gas gain reduction

2 —
_5_‘_/_": \Y 5V(X, y) — leean(veff) 'f(xa y) ) /OIS
v Aval h DLC Avalanche charge Sheet resistivity
valancne Voltage drop Hit rate
Veff =HV - 5V+ —oV_ (6V =0 at HV supply electrode)
Current i o iy
e LT > _
oV . 0V « (current flow distance)?

. 0V « sheet resistivity
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High-rate performance test

. MIP e detection in low-momentum x* beam

. uT beam at piEb at Paul Scherrer Institut

Test setup Upstream
scintillation counter Detector setup
08 min
~lmm| e 23 mm «——10mm pg = 60 MQ/sq .

30 mm
-HV
et / RPC

active area

Downstream
scintillation counter

RPC

Shield (Pb)

ut beam profile
25 mm ' ' Copper tape for HV supply  ps=7 MQ/sq.
. 1 — 3.5 MHz/cm? at centre

. 0, =13 mm, 6, =23 mm

27 Sept. 2022 Development of ultra-low mass and high-rate capable RPC based on Diamond-Like Carbon electrodes for MEG Il experiment




Pertormance at high rate

Detection efficiency: Calculated voltage drop:
. 45-50% at 1 MHz/cm?2 - 110-170 V at 1 MHz/cm?2
. 20-40% at 3.5 MHz/cm? . 210-310 V at 3.5 MHz/cm?

= 1 MHz/cmZ2 rate capability

Pulse height spectra at 2.75 kV Detection efficiency at O(1 — 10 kHz/cm?)
8 T T T T T T T T T ] ? 100:\ T T T T T T T T T T T T T i T T T T :
£ L | 1 MHz/em? [ 2 ]
103 .5 MHz/cm? .qu 80 int
: )
......... I = 70
...... =
| e s S 60
1
0 50
................ 40
10 30
20
E . . 11 .\ | H"‘[EE \ 1 ] :\ | | | | | l | | | 1 l | | | | l | | 1 1 :
-01 0: 01 02 03 04 S 0 24 25 2.6 2.7 28
20 mV threshold Height [V] Voltage [kV]
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Electrode to be improved

. Voltage drop should be suppressed for higher rate capability

- HV supply segmented for short current flow (1 cm pitch)
« Voltage drop « (current flow distance)?
- Need also for scalability

- Resistivity should be low (10 MQ/sq.)

- Voltage drop « (sheet resistivity)
- Not too low for stable operation

= \/oltage drop will be 60-80 V at 4 MHz/cm?2

+HV |>+HV — T
Current i e HV 0 . 1Y
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High-rate performance test with our 1st prototype
detector

Improved prototype test
. Develop improved electrode

. Performance test at ©(10 kHz/cm?)

Summary and prospects
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Electrode production

X
ol

50 um width

\Cr+Cu

1 - DLC sputtered on Kapton foil 2 - Conductive pattern implemented
« Cr can be well-connected onto DLC

Photoresist Side view 200 pm
>

»
Vad Cr+Cu pattern

200 um width

400 pm diameter
160 um thickness

2.5 mm pitch
3 - Insulation cover deposited 4 - Spacers formed
. 25 pym-thick photo-resist . ~160 ym-thick photo-resist
. Deposited on conductive pattern and DLC boundary « Doubly accumulated for >300 um gap thickness
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Spacer formation

- Previous spacer material production cancellation
= New spacer material used I
. s hick |
- >300 um-thick spacers cannot be formed ¢«—— ;300 HM gap thickness needed
_ _ S for enough efficiency
. Strategies for enough gap thickness
« Form ~200 ym-thick spacers
« Doubly accumulate spacers with precise alignment

Accumulate electrodes
400 um  \vith precise alignment

Accumulate electrodes j_-_-_
l ol B BN l
| e N |

DLC
384 um
400 um I ~320 um 160
~ MM

<+—>
|
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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)

p @10 kHz/cm?2
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Gap thickness non-uniformity

Non-uniformity in a layer

Height spectrum
2 Feiohtd Ientomi
On-timing ||
Off-timing

Non-uniformity among different layers

Detector response depends
on g incident position

_>
46% eff.
ooy —I T T T T
5% eff.
@2200V — %
Different gap thickness
among different layers

Events /{4 mV)
=

L o
0 0.1 0.

No signal observed B —
: .2 0.3
Height [V]

Height spectrum ™ Height spectrum

= g 2 T Expected cause
E - k M1 s
2 On-tl.ml'ng ] : 10 On-timing || !
P Off-timing ~ P (E-
5 | &td Wev” At D 5 '
s s : — ——
l 1
Non-flatness of
10} E most outer electrodes
: S— JE—
™ Mﬂei ht [\?]'3 . .
Large noise in this strip ’ To be controlled by negative pressure in gas gap
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Pertormance with single layer

Event display

.J
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Summary & prospects

Ultra-low mass and high-rate capable RPC with DLC electrodes is
under development

. For BG tagging in MEG Il experiment

I MHz/cm? rate capability achieved with 1st prototype detector
. 45-50% detection efficiency with single layer even with 110-170 V drop

Improved prototype detector produced and tested

« Cr+Cu pattern formed on DLC for HV supply segmentation

. 46% detection efficiency achieved with single layer at 10 kHz/cm2
. Gap thickness to be controlled

. Performance to be evaluated with y* beam at 4 MHz/cm?2
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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(ut - ety) ~ 1074

. BSM (SUSY-GUT, SUSY-seesaw): B(ut — e*y) ~ 10711 — 1071

Liquid xenon photon detector

e COBRA f o Q32820 00man (LXe)
Generation supercponducting magnet £ S0k 0
S0 ztoy f p X "“*tA;'.N'
C%rﬁge Spin I ]] m \ 55‘ 2
u e t '
+2/3 1/2 O up charm top
o R +«—> CKM «—»
Quarks q b /
= S )
1/ 3 1/ z o down strange bottom § 7/
= e 4> T
1 1/2 o electron #won tau Pixelated timing counter
Lok (PTC)
Leptons

Ve Vu Vi Muon stopping target
0 1/2 o electroi—bo muon 4—0 tau
neutrino neutrino neutrino

Cylindrical drift chamber

v oscillation Radiative decay counter (CDCH)
(RDC)
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DLC sputtering

Polyimide ) —— Sample
/ Diamond-Like Carbon .~ Vacuum chambec

(with Ar gaS)

Ar*
00
o)e) Electric -7 i
field M- Rotating drum
Co Y 4.5 m round

: puttering
target

Carbon target
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Spacer formation

vt L L] o

™ Polyimide foil

- Light-exposed region
I A A AN

2. Development

3. Pillars formed

4. Baking
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Efficiency vs gap thickness

Spacers:
. 384 um - photolithographic pillars

efficiency vs electric field . The others - fishing line

Gap thickenss °
—— 520 micron ®

60| & 435 micron ¢
—&— 384 micron
50 | —— 370 micron ® A

—=— 285 micron

efficiency [%]

40

30

20

10
° \/

FT T T
>

|
I‘IIIII!IIIvlIII|III|III|III|III|III|IIIII

6.8 7 7.2 7.4 7.6 7.8 8 8.2 8.4 8.6
electric field [KV/mm]
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Efficiency improved by

stacking

384 micron - 1 layer

§ 100 =
= 90F ]
= c =
.§ 80: .
< = =
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= C .
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50° ]
C L] ]
40f . ;
0 i
20 - i
107 $ ]
- . ]
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° H
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i T S
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Voltage drop evaluation

Details are shown in :
i A. Oya, et al, “Development of high
Observe VOltage d I"Op Of .I .I O"‘ .I 70 V i rate capable and ultra-low mass ;
i Resistive Plate Chamber with
Diamond-Like Carbon”, TIPP2021

LOff timing Triggered timing ccidental .t
E300% . / % !
E A K = : Calculated voltage drop
e = Emosum
00 = ' S - Anode .
50% l % , S 140+ Cathode| ]
_5: %W EARRA A & A A% AT v AV s S T ST E §n120: :
= — NS 3 - ]
-600 -400 -200 0 [ns] r 100, \ ]
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1 height spectra 275kV| g 4g e e b 6ol AN
g T T-10%E = I - : 1
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= ] R 3 | | 1 L ~
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w L | \;\\ i g 1
V4 ]
R B e ol l& i 10¢ ] o + Omean = 2.3 pC
Pulse heigh ™ g i 1 . pg =60 MQ/sq for anode
10+ Iw % 1 . . ps =71 MQ/sq for cathode
_0100102%0405 01 0 01 02 03 04 05 :
) ’ Pulse height [V] Pulse height [V] ;
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Response to low-momentum u*

Slit (Pb)  Collimator (Pb) Measured p height spectra

D=3-5mm ¢=1mm
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Voltage drop estimation

£, dependence ps dependence

HV supply
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=
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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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Surface Resistivity[MQ/sq.]
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Resistivity control

DLC thickness
\ Resistivity vs thickness
=@=DLC =f=N-DLC
.-_.\.\ ~e
N, content in Ar is 3.2% —~a
100 1000 Thickness 1&;00

Ochi, A. et al. “Carbon sputtering technology for

MPGD detectors”, PoS TIPP2014 (2014) 351
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