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Outline

® [ntroduction
* Motivation
 Requirements to the detector
« Concepts of the detector design
« Prototype

® Detector design optimization

® Summary



MEG Il experiment

® MEG Il will search for u=>e y decay
« Signal identified by energy, timing and direction of e and y

® Background suppression is crucial
« Main BG source: Accidental coincidence of BG-e and BG-y
« One of BG- y source: Radiative muon decay (RMD: u = evvy)

> Can be identified by detecting low energy (1 — 5 MeV) positron associated with RMD
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Radiative Decay Counter (RDC)

® RDC: Detector for positron from pu - evvy o \ /
« Downstream RDC: Already constructed
e T -+ (RMD RDC
« Upstream RDC has to be operational in [ %_/< R —
high-intensity low-momentum muon / e~ e,

.................. ¢*spectros

- Still under development with challenging requirements

L iz Ll anipiiiiiizaa

® Requirements to upstream RDC Upstream RDC
1. Material budget: < 0.1% X, Positron
2. Rate capability: 4 MHz/cm? of muon (21 MeV/c) (from RMD)
3. MIP efficiency: 90% MIP efficiency to be detected
. . : : Beam muon
4. Timing resolution: < 1 ns time resolution
5. Radiation hardness: > 60 weeks operation
6. Detector size: 20 cm (diameter)




Possible design of upstream RDC

® Resistive Plate Chamber with Diamond-Like Carbon electrodes
« RPC-> Fastresponse (<1 nsresolution)

Low mass design

Independent HV supply for different layers

—->smaller HV than glass MRPC

Material budget

® Kaptonb0um = 0.018% X,
® Al100 nm = 0.0012% X,

2> < 0.1% X, with 4-layer

-HV

-HV

Efficiency
® 1-e,=(1—-¢)"
® ¢,: n-layer efficiency
® ¢, > 40 % required

Spacers for gap

(384 um)

DLC=> Controllable resistivity (with mixed structure of sp2and sp3)

(sputtered on thin Kapton films)

Decouple HV of

Al readout (100 nm thick) different layers

-HV
.l
1T P rer o Kapton
[
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e e

Avalanche current flows

on the DLC surface
DLC (100 nm thick ) on

Kapton (50 um thick)



Status of studies

10 cm

® Studies with 3 ¢cm X 3 cm prototype
(Reported in last JPS) Filled with RPC gas

R134a 94%
« Design with < 0.1 % X, o tane 5%
« Performance evaluation
« Efficiency
« Timing resolution
 Performance in high-rate u-beam

12.5 1 m window

|

, - Dots: 384 um
® Today s talks window pillars

- High-rate capability of larger scale (20 cm)
detector has been found non-trivial
- This talk

e Signal pileup suppression = Next talk

Metalized Kapton
(100 nm Al) for readout

readout hH




Outline

® [ntroduction

® Detector design optimization
* Introduction to rate capability
e Resistivity optimization
« HV supply optimization

® Summary



Rate capability of RPC

® Rate capability

« Determined by the voltage drop due to high current on DLC electrodes
- Confirmed by test with high-rate muon beam
(Reported in JPS2021-spring) Larger 8V with larger distance

/

&V

-—

® \Vith DLC electrodes, voltage drop follows:

Ve oV(x,y) = Qmean(Veff) fxy)-p

\ l \ |
Avalanche charge Hit rate ~ Surface resistivity

- Design must be optimized to keep 8V at a reasonable level



Status of rate capability studies

® Known parameters in VZ 6V (x,y) = Qmean(Veff) '
\ !

Avalanche charge

« Requirements to 6V: < ~100V
- Determined by the voltage to achieve 40 % with single-layer

« Avalanche charge: 3 pC for low-momentum muon
- Measured in 2020 with low-momentum muon beam

« Hit rate: 4 MHz/cm?2 at the center

Hit rate
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Studies to be completed

® Parameters which remained to be determined in

V2 8V (x, y) — Qmean(Veff) ' f(x: y) P
l )

l ]
Avalanche charge Hit rate Surface resistivity

« Surface resistivity

« Boundary condition of the equation
- Depends on geometry of HV supply Lpitgh LHY

oV

»
<4 >

v +HV ny
iy eff / /HV

.|
«— Boundary condition: 6V = 0
4




Surface resistivity study

® [he effect of surface resistivity
« Small resistivity: Higher rate capability
« Large resistivity: Discharge suppression
- Optimization required

® Optimization study
« Stability with several resistivity
« <1MQ/sq

« 20-30 MQ/sq (position dependent) Spacers are attached to one side
« 50 - 70 MQ/sq (position dependent)
+HV

« Direction of electric field -
! or

« Which direction is better to rrrrrrrrre e _HV

suppress discharge ? -
\ Iy

or
+HV 10




Result of optimization

R +H

® [he direction of electric field B
 The spacer face must be +HV /‘HVV =
> Independent from resistivity Some spacers can be floated
« Possible cause:
Edge effect of E-field at floated spacer bottom E field strength (simulation)
® Surface resistivity -
« Resistivity of +HV electrodes (with spacers) oo “%‘,E
« 1 MQ/sq: Instable so far . rao
« >20-30 MQ/sqg: Stable enough 4’-953'5'"4,.i"4',.o‘“'0""6.os'"h.ly'(‘"'m'ol.] 75000
« ~10 MQ/sq: Further study is required Floated region

 Resistivity of -HV electrodes (without spacers) (Red box: Spacers)

« <1MQ/sq possible with high enough resistivity of +HV electrode

11



Study on HV supply geometry

)4

® V2 5V(x,Y) = Qmean(Vess) - f(x,¥) - p ; ’
e The distance from HV supply must be small EHV
- Strip geometry

« Studies underway for technical implementation

Epitgh +HV

® Simulation of 6V in MEG Il beam

 Purpose
» Decide p and £yt
 One example configuration
« p: 10 MQ/sq for both anode and cathode
* fpitch: 1 €M
> 8V ~ 100V (8V < 100 required)

-HY -HV

12



Possible variations of the design for MEG |

® Parameter dependence
- Pitch of HV supply strips: 6V o £2;;.,
« DLC resistivity: 6V o« p

® Possible design and concerns

| tpien p: tHV side p: -HVside Comcem

1 1cm 10MQ/sqg 10MQ/sq 10 MQ/sq not tested

2 1lcm 20MQ/sqg 1 MQ/sqg DLC damage from discharge may be
severe with large asymmetry

3 8mm 20 MQ/sq 0(10) MQ/sqg Large inactive region

(Strip area is inactive)
+ Bad DLC resistivity control (x5 fluctuation)

» Further studies are planned .



® [ntroduction

® Detector design optimization

® Summary and prospect

Outline

14



Summary and prospect

® High-rate capable and ultra-low mass RPC with DLC is under
development for MEG Il upstream RDC

® Studies on design optimization are presented
 Motivation: To achieve high-rate capability with a full-scale detector
« Studyl: Resistivity optimization
o Study?: HV supply optimization

® Planned studies
 Implementation of strip geometry
« DLC resistivity control
e Further optimization
« Operation in a longer time scale
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Entry [a.u.]

MIP detection with single-layer

® [iming resolution and efficiency are measured with single layer
« Positron from muon decay with O(1 — 10 kHz/cm?) rate
e Beta-ray from 9Sr (~MBq) with ~ 100 kHz/cm? rate

' Height
Timing distribution reight T F [ 2750 v
3 | Positron = sl ¢ | Betaray Deroov
oo Positron ol 1- 10 KHz/cm? 2 b §wll  ~100 kHz/cm?2 2=
7001 1-10 kHZ/Cr‘ﬂ2 1032— a 2/CM* | Taso - "w
eooi— E "‘.;.‘}} - + wi‘”‘"“*i‘kmih"‘-m‘“

- il AL 102K ! _ 0
“F o ~ 170 ps ff =60 % : Eff =55 %
4001 ’ |
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MIP detection with multi-layer

+H\
® Efficiency study with multi-layer
« Efficiency expected to improve as 1 —¢, = (1 — )"
« Efficiency with four layers measured
« Beta-ray from Sy |
 Rate: O(1 kHz/cm?) ]
HV
Readout
384 micron - 4 layer
— 100 Gas is different from other tests:
% % —&— Measure d . " ) R134a 93%1
§ 5 —=— Expected with measured ¢, SF6 7%
40;— . Upper limit
0f- w/o discharge
E

1 | | 1 1 1 11 | S | 11 1 | - 1
2700 2750 2800 2850 2900 2950 3000 3050 3100
Voltage [V]

® [ssue: discharge at lower voltage than single layer
 Probably because of imperfect flatness of electrodes




Response to low-momentum muon at low rate

Pb collimator

Accidental trigger - Rate reduced to
due to BG radiation Muons stop in trigger ~ kHz/cm?

counter (front one)

28 MeV/c @PSI

Entry [a.u.]

TT]

Height Decay positron (E5 beam line)
Result 2750V going downstream
(2700 v (Not to see positron’s hit in RPC)

(1-Iayer) [ ]2650 v
[J2600V \
/ Trigger logic \

| R
.WHMI,, /\ N [ RPC

o

o ol — mu  positron Pb slit
o7 0z 03 04 g3 K / (Shield for BG radiation) 19




Voltage drop evaluation in high rate muon beam

« RPCis exposed to low-momentum beam at high-rate

. 10 cm « Trigger on positron from muon decay going through RPC

v

Readout region
1cm x 2.3 cm

RPC

+HV

TR

®Beam spread:
o,=13mm, o,=23mm
® 1 MIHz/cm? of muon at the center y 4

“HV

Gas: R134a 94%,
SF, 1%,

Shield (hide second counter from beam) Iso-butane 5%

20



Voltage drop evaluation in high rate muon beam

® \\Vaveform analysis
® On-timing window (30 ns) for MIP performance evaluation

® Off-timing window (30 ns) for evaluation of pedestal and Efficiency estimated to be
accidental muon events €,=35 % with 1 MHz/cm?
_ from measured spectrum
640 ns Height
A RS UMM SO SN SO S = St Pedestal / [ Jromm
E__ ........................................................................................................................ Accidental muon _g uCJ ; |:|0Mming
= s Positrons

10°

/

R AR

102

Off-timing: Mostly pedestal + accidental muon events -
10

Hit rate: 2.1 MHz (> 60 mV) in 2.3 cm? readout area
(Evaluated with probability of finding > 60 mV hit inside 30 ns window)

- Agree with beam profile

04 05 21

" Height [V]

g ,
0 0.1 0.2 0.3



Voltage drop evaluation in high rate muon beam

Observed voltage drop
MIP @low rate - High-rate tESt

-
S
[

100 - 150 V drop

explains spectra

Expected voltage drop

Calculated with
V2 6V (x,y) = Qmean(Veff) fOy)-p

Parameters for calculation
®p: 60 MQ/sq for anode and
7MQ/sq for cathode
® Qmean: 2.3 pC = 6.5 1 A/2.8 MHz -HV

———
I +HV

(Observed current/ estimated hit rate)

+HV

100 - 150 V drop

. Sum of 8V for
IS expected

+HV and -HV side
22



® Distribution of particles hit position at upstream RDC
« Beam u: 0=72Ccm
« RMD positron: o0=2.8cm

Beam u
T | T T T T | T T T T ! T T T T ! T T T T |
: i Entriezs 46884 |
R T — T T — 125865067591 2000

Consta;l‘t7lse+05 15,961e+01 : 1800 :_ .................. ....................... . .................. .Co.nstant2106i11.0_z

(1), | Mean: 0.005876 - 0.000209 - Mean -0.07088. = 0.01157 |
S —— T— (T S R R — 1600 — — g Mean.. 007088 2001157 4
: : : ; '; — x : : Slgma 2813 =0.009 [

RMD positron
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Concerns

® DL C resistivity control
« The resistivity precision limited for DLC sputtering
« Both over and under fluctuation with up to a factor x 5

« [T necessary, can be reduced by annealing to some extent
X ~0.5 when annealed with 200°C
« Systematic studies underway Conductive damage

® DL C damage caused by discharge

(Concerns in a long time-scale)

« Evaporation of DLC
- Further study required with a longer time scale
« Asymmetric discharge
 Formation of conductive damage on +HV side
« Appears when -HV resistivity is much smaller than +HV one

- Investigation in progress

DLC evaporated 7y



Surface resistivity study

® [echnical aspect of DLC surface resistivity measurement

® O(10) MQ/sqg measured with 4-point method

If If « Four probes are placed in a equal pitch
AV

« Source I, and measure AV

« Large enough input impedance of voltage-probe

C e T AV
« Surface resistivity = — - —
log2 I

« (Remarks) Resistivity is found to be position dependent

25



